
Power Systems Analysis - Homework 3
1. Given symmetric matrices A0, A1, . . . , An ∈ Rm×m, define:

M , {(x1, . . . , xn) ∈ Rn|A0 + x1A1 + · · ·+ xnAn � 0}.

Prove that M is a convex set (� is the positive semidefinite sign).

2. Prove that the following functions are all convex:

(a) ax + b

(b) eax

(c) xa on the domain {x ∈ R|x > 0} where α > 1 or α < 0.

(d) x log(x) on the domain {x ∈ R|x > 0}
(e) − log(x) on the domain {x ∈ R|x > 0}.

3. Consider two functions g : R −→ R and h : R −→ R. Define f(x) , h(g(x)). Prove that f is convex if g and
h are convex and h is increasing.

4. Consider the figure

𝑉1 = 1∡𝜃1 𝑉2 = 1∡𝜃2 

𝑃1, 𝑄1 𝑃2, 𝑄2 

(a) Write P1, Q1, P2, Q2 as functions of the parameter θ = θ1 − θ2.

(b) Show that there exist a matrix A ∈ R2×2 and a vector b ∈ R2 such that[
Q1

Q2

]
= A

[
P1

P2

]
+ b

where A and b are constant and do not depend on θ.

(c) Define M as:

M = {(P1, P2)|P1 ≤ Pmax
1 , P2 ≤ Pmax

2 , Q1 ≤ Qmax
1 , Q2 ≤ Qmax

2 }

How does the feasible set M look like?
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